for most of the brain volume in all species. They not only determine wiring, but also condition signal transmission in a context-dependent manner. Branch points are sites of low safety factor for propagation; consequently, repetitive action potentials are likely to fail invading axon collaterals. In effect, branch points set the maximum frequency at which a signal can spread through collaterals, and different sectors of the arborization can yield distinct functional outputs 1 . This effect seems to be a general feature of branch points, as it has been documented in several neuron types, including cutaneous sensory cells in the leech 2 and dorsal-root-ganglion (DRG) neurons in the cat 3 . The influence of morphology on the propagation of electric signals is still more dramatic in dendrites, as shown for vertebrate retinal ganglion cells 4 . According to the available data and models, the relative influence of geometry should outweigh that of ion-channel distribution 5 . In addition to branch caliber, it has long been known that the probability of propagation failure at a branch point is increased by temperature 6 , an issue of clinical relevance in multiple sclerosis, among other diseases. A review of neural branching is timely because comprehensive research projects are tackling this issue and beginning to report detailed molecular mechanisms of this dynamic process. This article addresses some important but unresolved issues that require further experimental attention, emphasizing unanswered questions as it unfolds.
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The branching phenomenon: growth cone versus axon collaterals versus dendrites
Time-lapse observations of vertebrate and invertebrate neurons in culture and in vivo show that branching is a highly dynamic process in which relatively rapid expansion-retraction cycles at specific regions of the projecting neuron result in a relatively slow net enlargement of the arborization [7] [8] [9] [10] . Based on the morphological features described, branch formation can occur in three different modes: splitting, delayed and interstitial (Fig. 1) . The splitting mode consists of a bifurcation of the growth cone, yielding two similar structures that continue their path in divergent directions, as if mutually repelled. Each new growth cone is roughly half the original size, but if one collapses, the remaining one enlarges considerably. Dendrites exhibit this mode of branching most often. The delayed form of branching is characterized by a region with unstable cytoskeleton and frequent filopodial activity that is left behind the growth cone. Not long after the passage of the main growth cone, this region develops a branch that leaves the axon in the appropriate direction towards its target. This mode of branching has been described in sensorimotor cortical neurons 10 . In the interstitial branching mode, axon collaterals emerge as a single outgrowth from an apparently stable axon. Branching is usually orthogonal to the axon shaft and the leading edge does not exhibit a regular growth cone, but appears more like a club. Branch initiation can take place long (several days) after the growth cone has passed by the corresponding area. This mode of branching is observed in subcortical projections of layer V neurons towards the basilary pons and mitral cells of the olfactory system 11, 12 . Although neural branching is basically a cytoskeletal reorganization, it is possible that the three modes of branching are based on molecular mechanisms specific for the three branch-generating species: growth cones, axons and dendrites. It is well known that the shape of the growth cone is behavior specific, in accordance with the ongoing interactions at each position along the projection pathway [13] [14] [15] . In cultured motoneurons of the moth Manduca sexta, it appears that branching from the growth cone originates either as engorgement of fine protrusions or as condensation of lamellae 16 . If these events were to take place in vivo, it would suggest that the growth cone could undergo
Cellular and molecular features of axon collaterals and dendrites
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Neural geometry is the major factor that determines connectivity and, possibly, functional output from a nervous system. Recently some of the proteins and pathways involved in specific modes of branch formation or maintenance, or both, have been described.To a variable extent, dendrites and axon collaterals can be viewed as dynamic structures subject to fine modulation that can result either in further growth or retraction. Each form of branching results from specific molecular mechanisms. Cell-internal, substrate-derived factors and functional activity, however, can often differ in their effect according to cell type and physiological context at the site of branch formation. Neural branching is not a linear process but an integrative one that takes place in a microenvironment where we have only a limited experimental access. To attain a coherent mechanism for this phenomenon, quantitative in situ data on the proteins involved and their interactions will be required. 
